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ABSTRACT
To investigate the impact of exercise on adult allogeneic hematopoietic cell transplant recipients, we random-
ized 100 patients to either a structured walking regimen or to a control group with no formal exercise program.
Starting on the day of admission for transplant, patients in the exercise arm were asked to walk on a treadmill
twice a day for 15 minutes while in the hospital. After discharge, they were asked to walk once a day for 30
minutes. The effect of the exercise program was primarily measured by the change in the Karnofsky score
(KPS) from transplant admission to day 100 posttransplant, which was scored by the attending physician who
was blinded to the assigned exercise regimen. The decline in KPS was smaller in the exercise group than in the
control group: 10 points versus 20 points. This difference was not statistically significant in the total study
population (P  .21) but was statistically significant among the subset of older and less fit patients receiving
nonmyeloablative pretransplant conditioning (P  .04). Sixty-four percent of patients on the exercise arm who
had a baseline KPS <90 had a score >90 by day 100 compared to 18% of the control arm (P  .03). Thirty-two
percent of patients with a baseline score >90 had a score >90 by day 100 in both groups (P  .99). Analyses
of patients’ self reported scores at the time of discharge for physical and emotional well-being showed that the
exercise arm had better scores for physical well-being (P < .01). Among the subset of nonmyeloablative
patients, scores for physical and emotional well-being were both higher in the exercise arm (P  .02). Length
of hospitalization and survival were not different between the 2 study arms. We conclude that assignment of
a structured walking regimen to patients can lead to better physical performance during the recovery period and by
patient assessment, a better perceived physical and emotional state. In addition, exercise has a greater impact among
patients who are less fit coming into transplant. Structured exercise may have a positive impact on physical and
emotional recovery following transplant therapy and may accelerate patients’ return to health and function.
© 2007 American Society for Blood and Marrow Transplantation
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Allogeneic hematopoietic cell transplantation
HCT) using both conventional myeloablative condi-
ioning and reduced intensity conditioning (RIC) for
ess ﬁt patients has been increasingly used to success-
ully treat patients with malignant and nonmalignant
iseases [1-4]. Although HCT can be curative, it is
ssociated with many treatment-related toxicities. a
48egimen-related toxicity occurs in the majority of
atients and moderate to severe graft-versus-host dis-
ase (GVHD) develops in 40%-50% of patients re-
eiving an allogeneic transplant [5-8]. Because of these
ide effects from treatment, patients in the recovery
hase of HCT commonly experience adverse physical
nd emotional effects. Physical symptoms, including
atigue and muscle weakness, can limit their ability to
ccomplish activities of daily living. Emotional symp-
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Impact of Exercise on Functional Status in Allogeneic HCT 949oms such as depression, anxiety, fear, and frustration
dd to the difﬁculties of recovering from transplanta-
ion [9,10].
Although there are few studies on the effects of
xercise after HCT and even fewer randomized stud-
es, previous reports have shown that exercise may
mprove the physical performance, emotional state,
nd overall satisfaction of patients [11-13]. In a ran-
omized study of 70 patients transplanted for solid
umors, those randomized to a bed ergometer showed
smaller reduction in physical performance post-
CT than the control group, and they had fewer
oxicities [11]. In a separate study of 20 consecutively
ransplanted patients who walked on a treadmill, par-
icipants showed signiﬁcant improvement in maxi-
um walking distance and a signiﬁcant lowering of
he heart rate [12].
Preliminary observations at the University of
innesota have shown that even patients in protective
solation may exercise during their hospital stay by
alking on a treadmill or using a stationary bike.
atients tend to exercise at most once a day, usually
or a period no longer than 20 minutes. Although both
alking and bicycling are likely beneﬁcial, 1 report
ndicated that walking might be better at improving
hysical performance [13], so we focused our study on
he effect of a structured walking regimen. The spe-
iﬁc intervention being assessed in this study was both
he deliberate placement of a treadmill in the patient
oom as well as a recommendation of a speciﬁc daily
alking regimen.
This large-scale randomized study was undertaken
o measure the effect of a structured walking regimen
n the functional status at 100 days posttransplant.
atients were randomized to control for the likely
onfounding inhomogeneous effect of physical well-
eing at the time of transplant. Secondary endpoints
ncluded self-reported measures of physical and emo-
ional well-being, length of hospitalization and sur-
ival.
ATIENTS AND METHODS
All adult patients who were able to walk and con-
ented to receive an allogeneic transplant at the Uni-
ersity of Minnesota were eligible for this study. This
rotocol was reviewed and approved by the institu-
ional review board at the University of Minnesota. All
atients exercised written informed consent prior to
nrollment in the study.
atients
Between July 10, 2003 and August 4, 2005, 122
dult allogeneic HCT recipients were eligible for this
tudy. Twenty-one patients were excluded because of
treadmill being unavailable at the time of hospital tdmission. One patient declined to participate. One
undred patients transplanted mostly for malignant
isorders were evaluated. Baseline demographics and
reatment characteristics are shown in Table 1.
xercise Program
The details of the exercise regimen were deter-
ined by ﬁrst conducting a pilot study over a period
f 1 year to determine the exercise habits of HCT
atients at our institution (unpublished). The results
howed that, on average, active patients reported that
hey walked or biked every other day for 20 minutes
uring their hospital stay. After discharge, the fre-
uency declined but those who continued exercising
ould do so for a little20 minutes per day. Based on
hese results and consultation with physical therapists,
articipants randomized to the exercise arm of the
tudy were asked to walk for at least 15 minutes twice
day on a treadmill that was placed in their room.
isits were made to the patients’ rooms on Mondays,
ednesdays, and Fridays to encourage compliance
ith the suggested regimen. After discharge, they
ere asked to walk once a day for at least 30 minutes.
atients were told to walk at a comfortable speed and
o discontinue the workout if they felt any discomfort
r dizziness or if the medical staff recommended it.
his regimen continued until 100 days posttransplant.
he control group was not asked to perform any
ormal exercise, and was not provided with a treadmill
nless requested by the patient or staff.
arnofsky
The primary evaluation score for this study was
he change in the Karnofsky performance score (KPS)
rom the date of admission for transplant to 100 days
osttransplant. The KPS is primarily a patient func-
ionality measure and takes into account disease status,
he ability to carry on normal activity, as well as a
atient’s general health [14]. Patients were indepen-
ently assessed by their transplant physician according
o the KPS on the day of admission and at 100 days
osttransplant. The treadmill was placed in the pa-
ient’s room after the initial assessment and the 100-
ay assessment was performed in a clinic that was
eparate from the hospital so the physician was un-
ware of the randomized assignment.
uestionnaire
Patients completed questionnaires at the time of
ischarge and at 100 days posttransplant. The question-
aires were used to assess exercise history, compliance
ith the suggested regimen during the study period, the
easons for not exercising, perceived beneﬁts, and self-
erception of physical and emotional well-being.
To measure ﬁtness habits prior to transplant, pa-
ients were asked to list the number of times per week
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T.E. DeFor et al.950n average that they performed mild exercise (eg, easy
alking, yoga, golf, etc.), moderate exercise (eg, fast
alking, tennis, easy bicycling, etc.), and strenuous
xercise (eg, running, soccer, vigorous bicycling, etc.).
single episode was deﬁned as being active for at least
5 minutes during a person’s free time. This was
able 1. Patient Demographic and Transplant Characteristics
Characteristic
ear of transplant
2003
2004
2005
onditioning
Myeloablative
Nonmyeloablative
ex
Male
Female
ge at transplant (in years)
Median (range)
eight (in kg)
Median (range)
onor type
Related PBSC
Unrelated Marrow
Unrelated UCB
rior transplants
1
rimary diagnosis
Aplastic anemia
ALL/AML
CR
Relapse
MDS
CML
CP1
CP2/AP
NHL/Hodgkins
CR
Relapse
Other malignancies
CR/PR
Relapse
RAI Stage I/II
RAI Stage IV
onditioning agents
Bu/Cy
Cy/Flu/TBIATG
Cy/TBI
arnofsky score at admission
70—Unable to carry on normal activity
80—Normal activity with effort, some signs of disease
90—Able to carry on normal activity, minor signs of
disease
100—Normal, no complaints, no signs of disease
LL indicates acute lymphocytic leukemia; AML, acute myelogenou
second  chronic phase or accelerated phase; PR, partial respo
enous leukemia; Cy, cytoxan; Flu, ﬂudarabine; MDS, myelodysp
TBI, total-body irradiation; UCB, umbilical cord blood.ssessed for the periods prior to and after diagnosis.To measure compliance with the suggested regi-
en during the study period, patients listed the type
f exercise, daily frequency, and duration of their
orkouts. If they were unable to comply with the
rescribed schedule, they were asked to check off the
easons.
trol
ency
)
Exercise
Frequency
(%) Total P Value
51 100
.64
%) 13 (25%) 26
%) 17 (33%) 37
%) 21 (41%) 37
.56
%) 21 (41%) 44
%) 30 (59%) 56
.39
%) 29 (57%) 61
%) 22 (43%) 39
.24
-64) 46 (18-68) 47 (18-68)
.35
-155) 80 (48-128) 79 (48-155)
.24
%) 20 (39%) 45
1 (2%) 1
%) 30 (59%) 54
) 9 (18%) 13 .31
.23
) 0 1
%) 30 (59%) 52
23 43
7 9
%) 2 (4%) 7
) 3 (6%) 7
2 4
1 3
%) 10 (21%) 19
3 9
7 10
%) 6 (12%) 14
2 5
1 2
2 5
1 2
.90
) 2 (4%) 3
%) 38 (74%) 73
%) 11 (22%) 24
.64
) 1 (2%) 4
%) 10 (20%) 18
%) 24 (47%) 44
%) 16 (32%) 34
mia; CR, complete remission; CP1, ﬁrst chronic phase; CP2/AP,
G, antithymocyte globulin; Bu, busulfan; CML, chronic myelog-
HL, non-Hodgkin’s lymphoma; PBSC, peripheral blood stem cell;Con
Frequ
(%
49
13 (27
20 (41
16 (33
23 (47
26 (53
32 (65
17 (35
49 (22
81 (51
25 (50
0
24 (50
4 (8%
1 (2%
22 (45
20
2
5 (10
4 (8%
2
2
9 (18
6
3
8 (16
3
1
3
1
1 (2%
35 (71
13 (27
3 (6%
8 (16
20 (41
18 (37
s leuke
nse; AT
lasia; NThe patients’ perception of their emotional and
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Impact of Exercise on Functional Status in Allogeneic HCT 951hysical well-being at the time of discharge and at 100
ays posttransplant was assessed by circling a number
rom 1 to 10, with 1 being very poor and 10 being very
ood. Perceived beneﬁt was captured with a yes/no
uestion and an open-ended explanation.
tatistical Analysis
Baseline demographic data, pretransplantation
haracteristics, transplantation protocol, duration of
ospital stay, and survival were collected prospectively
y the Biostatistics Support Group at the University
f Minnesota using standardized methods. The KPS
as examined by 2 methods. It was ﬁrst assessed in a
aired setting by using the change in KPS for each
atient from baseline to day 100. The comparison of
his continuous endpoint was completed by perform-
ng the General-Wilcoxon Rank Sum test. Linear re-
ression was then used to examine confounding effects
n the comparison between groups. The KPS was
urther assessed as a categoric measure of 90 and
90. The comparison of this measure was completed
y Pearson’s chi-square test or Fisher’s exact test [15].
he data was analyzed in the total study group as well
s a subset receiving nonmyeloablative conditioning,
ecause these patients are generally older and less ﬁt
oming into transplant. This study was powered to
etect a 20-point difference of the continuous mea-
ure in KPS between the randomized groups.
Secondary endpoints included self-reported scores
f physical and emotional well-being, length of hos-
ital stay, and survival. Length of hospital stay was
nalyzed among those patients who survived past dis-
harge as well as among all study participants, treating
he death date as the discharge date among deceased
atients who never left the hospital. The statistical
omparisons of these endpoints were evaluated by a
eneral-Wilcoxon Rank Sum test. Survival was esti-
ated by the Kaplan-Meier method and comparison
f survival was completed by the Log-Rank test [16].
ll P-values were 2-sided.
Factors included in the regression model were: re-
ipient age, weight, sex, cytomegalovirus serostatus, di-
gnosis (malignant versus nonmalignant disease), donor-
ecipient HLA match, conditioning regimen, stem cell
ource, number of donors, development of acute
raft-versus-host disease (aGVHD), history of prior
utologous transplant, and baseline KPS.
ESULTS
atient Characteristics
One hundred patients were enrolled in this trial,
ith 51 patients randomized to the structured exercise
egimen and 49 patients randomized to the control
rm. Baseline demographics and transplant character-
stics were balanced between the exercise and control troups (Table 1). Median age of the recipients was 47
ears (range: 18-68). KPS at admission ranged from
0 to 100, with a median of 90. Fifty-six patients
eceived a nonmyeloablative transplant. Baseline char-
cteristics were well balanced across study arms
mong the subset of nonmyeloablative patients (all
 .28, data detail not shown).
itness Characteristics
Prior to diagnosis of their disease, self-reports
howed that patients exercised a median of 4 times per
eek (interquartile range, IQR: 2-7). Moderate or
igorous exercise occurred a median of 2 times per
eek (IQR: 0-5). After diagnosis of their disease, the
edian frequency decreased to 0 (IQR: 0-3). The
xercise habits prior to transplant did not differ be-
ween the 2 randomized groups (all P  .45).
Among the total study cohort, evaluations of ac-
ivity during the period from admission to discharge
ere completed on 43 and 42 patients in the exercise
nd control arms, respectively. Among those evalu-
ted, 10 (24%) patients on the exercise arm followed
he suggested routine 100% of the time. The biggest
easons for not adhering to the exercise regimen in-
luded nausea (42%), lack of strength (21%), lack of
esire (12%), and lack of energy (12%).
The activity level between the 2 randomized
roups differed signiﬁcantly. Forty (93%) patients on
he exercise arm exercised while in the hospital com-
ared to only 25 (58%) patients on the control arm
P  .01). The number who exercised at least 5 times
er week for at least 15 minutes on the exercise and
ontrol arms was 28 (68%) and 14 (34%), respectively
P  .01; Table 2).
Evaluations of activity after discharge were com-
leted on 39 patients in the exercise arm and 36
atients in the control arm. Assessment of postdis-
harge activity showed that 24 (62%) and 13 (38%)
atients exercised at least 5 times per week on the
xercise and control arms, respectively (P .01; Table
). The biggest reasons for not following the sug-
ested regimen on a daily basis after discharge in-
luded nausea (25%), lack of strength (29%), lack of
esire (17%), lack of energy (21%), and weather
23%).
arnofsky Score
The median decline in KPS from day 0 to day 100
osttransplant was 10 points (IQR: 0-40) for the ex-
rcise arm and 20 points (IQR: 10-50) for the control
rm (P  .21; Figure 1a). For the subset of patients
ho received nonmyeloablative conditioning, the me-
ian decline in KPS was again 10 points (IQR: 0-30)
nd 20 points (IQR: 10-50) for the exercise and con-
rol arms, respectively, and the difference was statis-
ically signiﬁcant (P  .04; Figure 1b). In the multiple
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T.E. DeFor et al.952inear regression analysis, the effect of a structured
alking regimen remained statistically signiﬁcant
P  .03) among the nonmyeloablative population.
The KPS was further assessed in a categoric fash-
on (Table 3). Among the total study population, 20
able 2. Exercise Habits
Fre
rimary exercise (predischarge)
None 1
Walking 1
Stationary bike
Stretching
Other
umber of times/week (predischarge)
0-4 2
5 1
verage number of minutes/session (predischarge)
0-10 2
11-20 1
21
rimary exercise (postdischarge)
None
Walking 2
Stationary bike
Stretching
Other
Missing 1
umber of times/week (postdischarge)
0-4 2
5 1
verage number of minutes/session (postdischarge)
0-10 1
11-20
21 1
igure 1. Boxplot distribution of the change in Karnofsky score fr
, and the subset of patients with nonmyeloablative conditioning. T
dge of the box indicates the 75th percentile of the data and the lower ed39%) patients had a score 90 at day 100 in the
xercise arm versus 14 (29%) in the control arm (P 
29). Stratifying by the baseline KPS revealed an in-
eraction between the groups. Among patients who
ad a baseline score 90, 7 (64%) patients in the
l
(%)
Exercise
Frequency (%) Total P-Value
<.01
) 3 (7%) 20 (24%)
) 40 (93%) 57 (67%)
) 0 6 (7%)
0 1 (1%)
0 1 (1%)
<.01
) 13 (32%) 40 (49%)
) 28 (68%) 42 (51%)
<.01
) 6 (15%) 32 (39%)
) 24 (59%) 34 (41%)
) 11 (27%) 16 (20%)
.02
) 2 (5%) 11 (11%)
) 36 (92%) 61 (61%)
1 (3%) 1 (1%)
0 1 (1%)
0 1 (1%)
) 12 (24%) 25 (25%)
.03
) 15 (38%) 38 (50%)
) 24 (62%) 37 (50%)
.02
) 7 (18%) 24 (32%)
) 11 (28%) 17 (23%)
) 21 (54%) 34 (45%)
ission to day 100 posttransplant for a, the total study population,
dian score for each group is indicated by the bold line. The upperContro
quency
7 (40%
7 (40%
6 (14%
1 (2%)
1 (2%)
7 (66%
4 (34%
6 (63%
0 (24%
5 (12%
9 (25%
5 (69%
0
1 (3%)
1 (3%)
3 (27%
3 (64%
3 (36%
7 (47%
6 (17%om adm
he mege of the box indicates the 25th percentile of the data.
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Impact of Exercise on Functional Status in Allogeneic HCT 953xercise arm had scores90 at day 100 versus 2 (18%)
ontrol patients (P  .03). Among those with a base-
ine score 90, however, there was no difference be-
ween the 2 arms (P  .99). Among the subset of
atients with nonmyeloablative conditioning, this
ame categoric analysis showed a trend towards a ben-
ﬁt among the exercise arm (P  .09).
hysical and Emotional Well-Being at Discharge
The self-reported scores of physical and emotional
ell-being showed statistically signiﬁcant differences
t the time of discharge. With 1 being the worst and
0 being the best, the median score for physical well-
eing was 7 (IQR: 5-8) in the exercise arm and 5 (IQR:
-7) in the control arm (P  .01). The median scores
or emotional well-being were 8 (IQR: 5-9) and 7
IQR: 5-8), respectively (P  .15). Among the non-
yeloablative population, the median physical score
n the exercise arm showed a 2.5 point improvement
ver the control arm (7.5 [IQR: 6-9] versus 5 [IQR:
-6], P  .01). The emotional score was 8 (IQR: 6-9)
nd 6 (IQR: 4-8) in the exercise and control arms,
espectively (P  .02).
hysical and Emotional Well-Being at
00 Days Posttransplant
The differences between the self-reported scores
t the day 100 time point were not as substantial.
mong the total study population, the median re-
orted scores for physical well-being were 7 and 6 in
able 3. Day 100 Karnofsky Score Assessment
Group N
Frequency (%) of
Patients with
Karnofsky >90
at Day 100 P-value
otal study group .29
Exercise 51 20 (39%)
Control 48 14 (19%)
aseline Karnofsky <90 .03
Exercise 11 7 (64%)
Control 11 2 (18%)
aseline Karnofsky >90 .99
Exercise 40 13 (32%)
Control 37 12 (32%)
onmyeloablative .09
Exercise 30 15 (50%)
Control 25 7 (28%)
onmyeloablative .10
aseline Karnofsky <90
Exercise 8 6 (75%)
Control 5 1 (20%)
onmyeloablative .53
aseline Karnofsky >90
Exercise 22 9 (41%)
Control 20 6 (30%)he exercise and control groups, respectively (P .11). ohere was no statistical difference in the self-reported
core for emotional well-being (P  .72). Within the
onmyeloablative population, the median physical
ell-being score was superior in the exercise group (8
IQR: 6-8] versus 5.5 [IQR: 4-6.5], P  .01). There
as no statistical difference in the self-reported score
or emotional well-being for this subpopulation (8
IQR: 7-9] versus 8 [IQR: 5.5-9], P  .62).
erceived Benefit
Some of the interesting ﬁndings from the survey
ame from the open-ended question about perceived
eneﬁt. Most participants were excited about attempt-
ng to stick to an assigned routine of regular physical
ctivity. The biggest perceived beneﬁt was improved
trength and energy. Other comments included alle-
iation of boredom, increased endurance, mainte-
ance of ﬂexibility, and an emotional break from the
arger problem at hand of treating their disease and
urviving the toxicities of transplantation.
ength of Hospitalization
The median length of hospital stay was 32 days
IQR: 15-42) among the exercise cohort and 35.5 days
IQR: 24.5-38.5) among the nonexercise cohort (P 
37). Among the nonmyeloablative population, the
edian length of hospital stay was 18 days (IQR:
3-37) among the exercise cohort and 29 days (IQR:
7-37) among the nonexercise cohort (P  .27). The
ean lengths of stay were 29 (standard deviation [SD]
.0) and 33 days (SD 4.2) among the exercise and
ontrol arms, respectively. The results were similar in
he analysis among the 86% of patients who survived
ast discharge.
urvival
The 100-day survival was similar in both groups
82% in the exercise group versus 80% in the control
roup, P  .65). In the nonmyeloablative population,
he 100-day survival was 93% (95% CI: 84-100%) and
7% (95% CI: 61-93%) in the exercise and control
rms, respectively (P  .09). Deaths prior to day 100
ere primarily from relapse (46%), organ failure
15%), GVHD (10%), and infection (10%), but were
ot different in the 2 study arms.
ISCUSSION
Studies of exercise in HCT patients have primarily
een limited to observational designs or nonrandom-
zed prospective trials [12,13,17,18]. With the pro-
pective randomized design of this study, we con-
rolled for many measurable and unmeasurable
onfounding factors such as physical ability at the time
f transplant, physical condition after transplant, in-
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T.E. DeFor et al.954ections, and various posttransplant complications. Af-
er randomizing the study population to a structured
alking regimen, we report the change in the KPS,
elf-reported scores on physical and emotional well-
eing, length of hospitalization, survival at 100 days
osttransplant, and perceived beneﬁt.
The results of this study show that an aerobic
ctivity, such as walking, has a positive impact on
atients undergoing HCT and is probably of greater
eneﬁt to patients who are less ﬁt coming into trans-
lant. The advantage to less ﬁt patients was apparent
oth by examining the subset of patients with nonmy-
loablative conditioning as well as analyzing those
ith a baseline KPS 90. Although the 10-point dif-
erence in the continuous measure of KPS between
he exercise and control arms was not statistically
igniﬁcant among the total study population, the re-
uction was statistically signiﬁcant in the subset with
onmyeloablative conditioning. The proportion im-
roving their KPS to at least 90 by day 100 was also
reater in the exercise cohort among those who had a
aseline score 90. These results may result from in
art the fact that patients who receive nonmyeloabla-
ive conditioning or who have a low performance
core are less ﬁt at the time of transplant and have
ore to gain from daily aerobic activity.
Signiﬁcantly improved self-reported scores of
hysical well-being were apparent both at the time
f discharge and at 100 days posttransplant. The
mpression of emotional well-being did not show as
uch improvement except among the nonmyeloa-
lative subset in whom exercise was associated with
n improved report at the time of discharge. This
grees with another report that loss of physical
unction because of lack of activity can inﬂuence the
motional state of the patients in terms of anxiety
nd depression [17].
Although the median lengths of hospital stay were
horter among the exercise cohort, we observed no sta-
istically signiﬁcant difference. Other studies in non-
ransplant settings have shown a reduction in the length
f hospitalization [19-21]. We did not anticipate nor
bserve a difference in survival between the 2 groups.
In conclusion, our study showed that assigning
egular physical activity to patients can lead to better
hysical performance during the recovery period and
better perceived physical and emotional state. Given
he limited data on the effects of exercise on HCT
atients, further investigation is warranted through
urther large-scale randomized studies. Similar to the
ontransplant population, the beneﬁts of exercise are
pparent, but improved motivation and compliance
ith even this simple structured walking regimen
ight realize even greater beneﬁt to the patients who
et moving.EFERENCES
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